The processes active in the deep crust above an oceanic subduction zone during its evolution have been constrained through a detailed geochemicalstudy (majorand trace elements and Sr, Nd and Pb isotopes) of representative samples through an $30 km thick exhumed crustal section of the Cretaceous Kohistan oceanic island arc (Northern Pakistan). The use of both trace elements and radiogenic isotopes reveals two distinct geochemical suites (suites A and B) it is demonstrated that there is an increasing contribution of the subduction component in the magmas with time. It is also possible to distinguish a slab component imprint carried by aqueous fluids from one corresponding to sediment melts. Intrusive granites are abundant in the upper levels of theJPKK section. All were generated at the arc root level (Jijal crustal section) during dehydration-melting of hornblende-rich plutonic rocks. A threestage geodynamic model is proposed for the evolution of the arc over a period of $30 Myr.The first stage ($117^105 Ma) starts with the onset of subduction, which was followed by the building of the volcanic arc.The second stage ($105^99 Ma to $96^91 Ma) corresponds to a major igneous event, which was characterized by abundant magma underplating and granulite-facies metamorphism at the arc base. Recycling of the residual^cumulative lower crust into the convective asthenospheric mantle was efficient during this stage, and was probably related tothermo-mechanicalerosion ofthebase ofthe crust.Thelast stage ($95^85 Ma) corresponds to a period of low magmatic activity, which marked the end of the intra-oceanic subduction.This is related to the formation of a ' cold blanket'above the slab surface as a result of thermo-mechanical erosion of the cold walls of the subduction zone (i.e. the upper part of the slab and the base of the overriding plate), and corner flow dragging the cold material into the zone of melt generation. Ultimately, a voluminous magmatic pulse occurred around 85 Ma (forming the Chilas complex), before arc^continent collision.
The processes active in the deep crust above an oceanic subduction zone during its evolution have been constrained through a detailed geochemicalstudy (majorand trace elements and Sr, Nd and Pb isotopes) of representative samples through an $30 km thick exhumed crustal section of the Cretaceous Kohistan oceanic island arc (Northern Pakistan). The use of both trace elements and radiogenic isotopes reveals two distinct geochemical suites (suites A and B) within the Jijal^PatanK iru^Kamila (JPKK) complex. SuiteA ischaracterized byaprogressive enrichment in 207 Pb and a decrease in 143 Nd/ 144 Nd with increasing La N /Sm N . Suite B hashigher 207 Pb/ 204 Pband lower 143 Nd/ 144 Nd ratios with approximately constant La N /Sm N . By combining trace elements with different partitioning behaviour it is demonstrated that there is an increasing contribution of the subduction component in the magmas with time. It is also possible to distinguish a slab component imprint carried by aqueous fluids from one corresponding to sediment melts. Intrusive granites are abundant in the upper levels of theJPKK section. All were generated at the arc root level (Jijal crustal section) during dehydration-melting of hornblende-rich plutonic rocks. A threestage geodynamic model is proposed for the evolution of the arc over a period of $30 Myr.The first stage ($117^105 Ma) starts with the onset of subduction, which was followed by the building of the volcanic arc.The second stage ($105^99 Ma to $96^91 Ma) corresponds to a major igneous event, which was characterized by abundant magma underplating and granulite-facies metamorphism at the arc base. Recycling of the residual^cumulative lower crust into the convective asthenospheric mantle was efficient during this stage, and was probably related tothermo-mechanicalerosion ofthebase ofthe crust.Thelast stage ($95^85 Ma) corresponds to a period of low magmatic activity, which marked the end of the intra-oceanic subduction.This is related to the formation of a ' cold blanket'above the slab surface as a result of thermo-mechanical erosion of the cold walls of the subduction zone (i.e. the upper part of the slab and the base of the overriding plate), and corner flow dragging the cold material into the zone of melt generation. Ultimately, a voluminous magmatic pulse occurred around 85 Ma (forming the Chilas complex), before arc^continent collision.
I N T RO D UC T I O N
Subduction is a major geodynamic process in the evolution of the Earth. Active margins represent key sites for recycling of sediments from the Earth's surface to the mantle, contributing to upper mantle heterogeneity. Moreover, subduction zones have been considered as the main site for the formation of juvenile crust in the Phanerozoic (e.g. Rudnick, 1995; Condie & Chomiak, 1996) . Thus the characterization of arc magmas, their evolution in space and time, and the relationship between arc magmatism and continental crust formation have been major research topics in petrology and geochemistry during the last three decades.
Most island arc lavas are thought to originate from magmas formed during partial melting of the sub-arc peridotitic mantle wedge in response to flux melting triggered by aqueous fluids and/or silicate melts from the subducting plate (Nicholls & Ringwood, 1973; Ringwood, 1974; Gill, 1981; Arculus & Powell, 1986; Tatsumi et al., 1986; Ellam & Hawkesworth, 1988; Tatsumi, 1989; McCulloch & Gamble, 1991; Davies & Stevenson, 1992; Hawkesworth et al., 1993; Pearce & Parkinson, 1993; Plank & Langmuir, 1993; Woodhead et al., 1993; Arculus, 1994; Stolper & Newman, 1994) . Fluids and/or melts derived from both the sediment and variably altered oceanic crust portions of the slab modify the composition of the sub-arc mantle wedge (Tera et al., 1986; Ellam & Hawkesworth, 1988; von Huene & Scholl, 1993; Kamenetsky et al., 1997) . The mantle wedge is generally thought to have an initial composition similar to the depleted MORB mantle source (DMM) of mid-ocean ridge basalts (MORB) (Perfit et al., 1980; Hawkesworth, 1982; White & Patchett, 1984; Tatsumi et al., 1986; Davidson, 1987; Ewart & Hawkesworth, 1987; Ryerson & Watson, 1987) , although a more enriched source similar to that of ocean island basalts (OIB) has been proposed in some cases (e.g. Morris & Hart, 1983; Woodhead, 1989; Crawford et al., 1995; Peate et al., 1997) .
Island arc basalts are distinguished from other basalts (e.g. MORB and OIB) by their enrichment in large ion lithophile elements (LILE) and, to a lesser extent, in light rare earth elements (LREE) relative to high field strength elements (HFSE) (e.g. Gill, 1981; Pearce, 1982; Hawkesworth et al., 1991 Hawkesworth et al., , 1993 . To explain the distinctive geochemical characteristics of island arc basalts, many studies have argued for a multi-component model involving contributions from the mantle wedge and from one or more 'subduction components' conveyed by aqueous fluids and/or silicate melts (e.g. Kay, 1980; Ellam & Hawkesworth, 1988; Gamble et al., 1996; Turner et al., 1996; Elliott et al., 1997; Hawkesworth et al., 1997a Hawkesworth et al., , 1997b Mu« nker, 2000; Garrido et al., 2005) . However, many uncertainties remain, notably concerning the extent of slab^mantle interaction, and the decoupling between fluids and melts derived from the slab (e.g. Hawkesworth et al., 1991 Hawkesworth et al., , 1993 McCulloch & Gamble, 1991; Saunders et al., 1991; Davies & Stevenson, 1992; Plank & Langmuir, 1993; Woodhead et al., 1993) .
The processes active in subduction zones and their temporal evolution can be followed indirectly via the study of erupted lavas or of well-preserved, exhumed, paleo-arc sections such as the Jurassic Talkeetna arc in Alaska (e.g. Barker & Grantz, 1982; DeBari & Coleman, 1989) and the Cretaceous Kohistan arc in North Pakistan (e.g. Bard, 1983; Treloar et al., 1996) . This study provides the first detailed geochemical study of the Kohistan arc that combines major element, transition metal, REE and incompatible element analysis of whole-rocks with high-precision Sr, Nd and Pb isotopic data for whole-rocks and mineral separates. It is based on representative samples collected across an $30 km lower-to middle-crustal section of the Kohistan Arc Complex (KAC, Northern Pakistan, Fig. 1 ). We specifically focus on the geochemical variations across a section of the arc and on the determination of genetic relationships between the various rock types exposed. The aims are to define the source(s) of the arc magmatism and the processes of magmatic evolution and arc building through time.
Our results suggest an evolutionary continuum between contributions from three main components in the source (i.e. 'DMM-like' asthenospheric mantle, subducted sediments and altered oceanic crust). The precise characterization of trace element distribution in the arc crust reveals that the subduction component was conveyed by slab fluids during the first phase of arc magmatism with subsequent evolution of the subduction zone characterized by the superimposition and the amplification of a 'slab melt' component in the source of the younger magmas. Based on our geochemical data and radiometric ages from previous studies, we propose a three-stage geodynamic model of arc evolution, starting with subduction initiation and leading up to arcĉ ontinent collision.
T E C T O N I C A N D G E O L O G I C A L S E T T I N G
plate (Tahirkheli, 1979; Bard et al., 1980; Coward et al., 1982 Coward et al., , 1986 Bard, 1983) . The KAC is subdivided into six distinct units (Jijal complex; 'Kamila amphibolite belt'or 'metaplutonic complex'; Chilas complex; Kohistan Batholith; Jaglot and Utror^Chalt groups; Yasin group) from south to north along a transect spanning $200 km (Fig. 1 ). This study focuses on the Jijal complex and the overlying metaplutonic complex (Fig. 2) , that represent the lower and mid-to upper sections, respectively, of an $30 km thick crust accreted during the island arc building stage between $117 Ma and 85 Ma (Le Fort et al., 1983; Scha« rer et al., 1984; Petterson & Windley, 1985; Pudsey, 1986; Treloar et al., 1989; Debon & Khan, 1996; Mikoshiba et al., 1999; Yamamoto & Nakamura, 2000; Fraser et al., 2001; Schaltegger et al., 2002; Yamamoto et al., 2005; Garrido et al., 2006; Dhuime et al., 2007) . The Jijal complex consists of a lower ultramafic and an upper mafic section (Jan, 1979; Bard et al., 1980; Jan & Howie, 1981; Miller & Christensen, 1994; Burg et al., 1998; Garrido et al., 2006 Garrido et al., , 2007 . The ultramafic section formed at 117 AE7 Ma during melt^rock reaction between lithospheric mantle and REE-depleted 'boninite-like' melts Garrido et al., 2007) . The transition between the spinel-bearing peridotites of the ultramafic section (dunites, wehrlites and pyroxenites) and the gabbroic rocks of the mafic section (mainly garnet-bearing gabbros, also referred to as 'garnet granulites' in the literature) represents the mantle^crust transition of the KAC (Bard, 1983; Miller et al., 1991; Burg et al., 1998; Dhuime et al., 2007; Garrido et al., 2007) . The crustal section of the Jijal complex was metamorphosed to form high-pressure granulites (T ¼ 700^9508C, P41 GPa) at $91^96 Ma (Yamamoto, 1993; Yamamoto & Nakamura, 1996 , 2000 Yoshino et al., 1998; Ringuette et al., 1999; Anczkiewicz & Vance, 2000; Anczkiewicz et al., 2002) .
The metaplutonic complex (Zeilinger, 2002) crops out along the Karakoram highway (Fig. 2) . It represents a thick pile of metabasic rocks that was metamorphosed and variably deformed under amphibolite-facies conditions (i.e. 550^6508C and 0Á9^1Á0 GPa; Tahirkheli et al., 1979; Bard, 1983; Jan, 1988; Treloar et al., 1989 Treloar et al., , 1990 Khan et al., 1993; Zeilinger, 2002) , prior to 83 AE1 Ma [Ar^Ar cooling age on hornblende after Treloar et al. (1990) ]. Most of these rocks were originally laccoliths and they are interlayered with rocks interpreted as either former volcanic or volcano-sedimentary formations or remnants of oceanic crust (Bard et al., 1980; Coward et al., 1986; Jan, 1988; Khan et al., 1993; Treloar et al., 1996; Bignold et al., 2006) . 
The mafic section of the Jijal complex constitutes the lowermost exposed crustal levels of the KAC (Figs 2 and 3a) . This $3 km thick granulite section is dominated by garnetbearing metagabbroic rocks (garnet granulite). Scarce hornblende-bearing gabbronorites present in the top of the section are inferred to represent the magmatic protolith for the garnet granulites (Bard, 1983; Yamamoto, 1993; Yoshino et al.,1998; Yamamoto & Nakamura, 2000; Garrido et al., 2006) . Hornblendite lenses (10^100 m thick) are enclosed in the garnet granulites. These rocks are more abundant at the base of the section and show, at outcrop scale, modal variations between (AE clinopyroxene)ĝ arnet-hornblendite and hornblende-garnetite. Detailed petrological^geochemical and SrN d^Pb isotopic studies (Dhuime et al., 2007, Fig. 3a ) have already been undertaken on the mafic section of the Jijal complex.
The Patan^Kiru^Kamila metaplutonic complex
The metaplutonic complex can be subdivided into three sequences; these are, from bottom to top, the Patan, Kiru and Kamila sequences (Fig. 2 ). Samples were collected along a SW^NE transect that is roughly orthogonal to the arc stratification.
The Patan sequence
The Patan sequence forms an $7 km thick pile of interlayered metagabbros and metadiorites, and is heterogeneously deformed along anastomosing shear zone networks (Figs 2 and 3a) . The 'Sarangar gabbro' at the base of the Patan sequence constitutes up to 50% of the entire sequence. It is a thick, massive gabbroic body of Garrido et al. (2006) . Published radiometric ages are reported after:
(1) Yamamoto & Nakamura (1996) ; (2) Anczkiewicz & Vance (1997) coarse-grained meta-gabbro or gabbrodiorite with locally preserved igneous layering (Zeilinger, 2002) . The Sarangar gabbro is intrusive into the underlying Jijal garnet-bearing metagabbros (Zeilinger, 2002) . The top of the Patan sequence consists of metagabbro, diorite and hornblendite sills of various thicknesses, which are occasionally intruded by pegmatite and hornblendite dykes. The contact between these units and the underlying Sarangar gabbro forms an $100 m thick magmatic breccia that includes gabbroic to tonalitic facies rocks. Twenty-two representative samples from the Patan sequence were selected ( Fig. 3a and Table 1): 10 Sarangar  gabbros (KH97 ; four magmatic breccias ; and eight metaplutonic samples from the upper Patan sequence .
The Kiru sequence
The contact between the Patan and Kiru sequences is irregular, and it is characterized by interfingered slices from both formations (Zeilinger, 2002) . The Kiru sequence forms an $7 km thick pile of strongly deformed, imbricated sills with compositions that range from gabbroic to dioritic (Figs 2 and 3b) . Its lower part contains finegrained and layered rocks from gabbroic to dioritic facies [the 'Kiru amphibolites' of Zeilinger (2002) 
(continued) 
(continued) . In addition, five intrusive granitic rocks were sampled: one tonalite intrusive into the Kiru amphibolites (KG-32); one tonalite (UM01-124) and three granodiorites (KG-42, KG-43, UM01-123) intrusive into the Mandraza amphibolites ( Fig. 3b and Table 1 ).
The Kamila sequence
The Kamila sequence (4 10 km thick) represents the uppermost crustal level investigated in this study (Figs 2 and 3c). It comprises various types of fine-grained and layered amphibolite (i.e. ortho-amphibolites, metapelites, metavolcanic rocks and carbonates), which are heavily intruded by amphibolitized rocks of gabbroic to granitic composition. These amphibolites may be remnants of an upper crustal sequence (Zeilinger, 2002) . One thick ($500 m) metagabbroic body is intrusive into the amphibolites, which are in turn intruded by numerous pegmatites or dykes and by large granite bodies. The largest granite (up to 1km thick) is located at the bottom of the Kamila sequence and is also intrusive into the underlying Mandraza amphibolites of the Kiru sequence. The upper amphibolites are overlain by massive coarse-grained metadiorites that are associated with metacarbonates and quartzites.
Thirteen plutonic or volcanic rocks samples were selected ( Fig. 3c and Table 1 ): six amphibolite samples taken from the sequence base (KG-51, KG-53, KG-54, KG-55, KG-52, KG-56); two amphibolites from the top of the section (KG-59, UM01-126); two metagabbros from the thick gabbroic body intrusive into the amphibolites (UM01-127, UM01-128); and three metagabbros or diorites from the uppermost part of the Kamila sequence, near the contact with the intrusive Chilas complex (UM01-133, UM01-134, UM01-135). In addition, three intrusive tonalites (KG-48, KG-50 and UM01-125) were sampled from the bottom of the Kamila sequence ( Fig. 3c and Table 1 ).
A NA LY T I C A L M E T H O D S
Rock samples were crushed and then pulverized in an agate mill for whole-rock analyses. Plagioclases and clinopyroxenes were extracted from 100^150 m mineral fractions using a Frantz magnetic separator, and were then carefully hand-picked to avoid composite grains and inclusions.
Whole-rock major elements were analyzed by X-ray fluorescence (XRF) on a Philips PW1404/10 instrument at the CIC (University of Granada, Spain). The system was calibrated using 24 international standards to ensure accuracy and the calibration was periodically monitored using four internal standards. The reproducibility of the major element data is 0Á3% absolute. Trace elements and REE abundances in whole-rocks and minerals were analyzed by inductively coupled plasma mass spectrometry (ICP-MS) using a VG Plasmaquad II system at the University of Montpellier II. The results from the international rock standards BEN (n ¼13) and UBN (n ¼13) yielded limits of detection below 1Á5 ppb and a relative standard deviation (RSD) of 4^7%, except for Rb, Sr, Nb, Zr, and Ta (RSD $7^15%).
Before undertaking the acid digestion for the Sr, Nd and Pb isotopic analyses, clinopyroxenes were leached for 30 min in 6N HCl at 808C and plagioclases were leached for 15 min in 2Á5N HCl at 608C. All whole-rocks were leached for 30 min with 6N HCl at 808C. After the leaching steps, the residues were rinsed three times in purified milli-Q H 2 O. The Sr, Nd and Pb separation procedures were slightly modified from those of Manhe' s et al. (1980) and Pin et al. (1994) . The total blank contents for Pb, Sr and Nd were less than 65, 60 and 30 pg, respectively, for a 100 mg sample. Pb and Nd isotopic compositions were measured by multicollector (MC)-ICP-MS using the VG Plasma 54 and the Nu 500 systems at the Ecole Normale Supe¤ rieure in Lyon (France). The Pb isotopic compositions were measured with an external precision of $1001 50 ppm for 206, 207, 208 Pb/ 204 Pb, using the Tl normalization method described by White et al. (2000) . The NIST 981 standard was measured every two samples, and the Nd isotopic measurements were bracketed between the 'Lyon inhouse' Nd standard every two samples. This Nd standard is a 500 ppb dilution of the JMC commercial solution, batch 801149A (Luais et al., 1997) with an average of 143 Nd/ 144 Nd ¼ 0Á512134 AE 24 (2) (n ¼102). The Sr isotopic compositions were measured on a Finnigan Triton TI mass spectrometer at the Laboratoire de Ge¤ ochimie GIS of N| OE mes (France). The results from the NBS 987 Sr standard yielded a mean value of 87 Sr/ 86 Sr ¼ 0Á710256 AE10 (2) (n ¼ 22). The initial isotopic compositions of the entire dataset were corrected for in situ decay, assuming an age of $100 Ma according to the U^Pb zircon ages obtained by Schaltegger et al. (2002) relating to the main period of magmatism in the KAC.
R E S U LT S Major and trace elements
The major and trace element compositions of 55 samples from the JPKK crustal section are reported in Table 1 . Two groups of rocks can be distinguished as a function of their tectonic emplacement: (1) plutonic-volcanic rocks of ultramafic to dioritic composition; (2) later rocks intrusive into group (1) of quartz-diorite to granitic composition, referred to as 'intrusive granites' .
Plutonic-volcanic rocks
We have subdivided the plutonic-volcanic rocks into five 'types' on the basis of their trace element compositions. These are referred to as 'Type-1' to 'Type-5' rocks in Table 1 and Figs 3 and 4.
Chondrite-normalized REE patterns and primitive mantle-normalized trace element patterns are reported in Fig. 4 . The transition from Type-1 to Type-5 patterns is mainly characterized by the enrichment of highly incompatible elements (HIE) [i.e. LILE (Cs, Rb, Ba, Pb, Sr), LREE, Th and U] in relation to HFSE (Nb, Ta, Zr).
Type-1 rocks are gabbroic [485SiO 2 (wt %)551 on an anhydrous basis; see Table A 
] that is correlated with positive Sr and Pb anomalies in primitive mantle normalized trace element patterns (Fig. 4) . One sample (UM01-122) is distinguished by a weakly fractioned REE pattern (Ce N / Yb N ¼ 0Á82), a slight depletion in LREE (La N / Sm N ¼ 0Á65) and no Eu anomaly (Eu Ã ¼ 0Á97). A liquidĉ umulate relationship between this sample and the clinopyroxene from the cumulate sample (KG-37) is suggested by their complementary REE patterns (Fig. 5) .
In Harker variation diagrams (Fig. 6 ), the Type-1 rocks deviate from the global trend defined by modern island arc lavas. For a given SiO 2 content, Type-1 samples have lower TiO 2 , Zr, FeO T and Na 2 O þ K 2 O, and higher CaO and MgO contents. All of the samples except one (KG-40) plot in the calc-alkaline field of the Mg-number vs SiO 2 diagram.
Type-2 rocks have ultramafic to gabbroic compositions [445SiO 2 (wt %)553] with primitive to highly differentiated Mg-number values (385Mg-number566). Compared with Type-1, the Type-2 samples are significantly enriched in REE (335 P REE (ppm)571), show slightly fractionated, 'N-MORB-like' REE patterns (0Á65Ce N /Yb N 52Á1; 65La N 530; 75Yb N 519) with variable LREE/MREE depletion (0Á265La N /Sm N 50Á95). They have slightly negative to positive Eu anomalies (0Á75Eu Ã 51Á1). In Harker variation diagrams, the Type-2 samples are scattered and deviate from the modern island arc lavas trend (Fig. 6 ). In the Na 2 O þ K 2 O vs SiO 2 diagram, they display a slight enrichment in total alkalis compared with the main trend of the data. All Type-2 samples plot in the tholeiitic domain in the Mg-number vs SiO 2 diagram.
Type-3 rocks have ultramafic to dioritic compositions [435SiO 2 (wt %)560] with variable Mg-number from primitive to highly differentiated values (405Mg-number564). Compared with the Type-2 samples, Type-3 (Fig. 4) .
Trace element patterns of the gabbros and diorites from the Chilas complex (Jagoutz et al., 2006; Takahashi et al., 2006) are reported in the inset of Fig. 4b for comparison. These patterns are similar to the Type-3 patterns and show marked HFSE anomalies that are typical features of arc magmas. In the Harker variation diagrams (Fig. 6 ), the Type-3 samples roughly follow the trend of modern island arc lavas. In the Mg-number vs SiO 2 diagram, two groups of samples can be distinguished: (1) a group located in the tholeiitic domain, formed by the Jijal and Patan samples (except for KG-20); (2) a calc-alkaline group, formed by one Patan sample and by rocks from the Kiru and Kamila sequences (see Table 1 ).
Type-4 rocks show more differentiated compositions [545SiO 2 (wt %)562]; four of the five samples are dioritic in composition (Table 1) . This is consistent with the Mgnumber values of these rocks (445Mg-number563). When compared with Type-2 and -3, Type-4 samples display similar P REE values [415 P REE (ppm)581] but are characterized by a stronger LREE/HREE and LREE/MREE enrichment (2Á15Ce N /Yb N 55Á8; 1Á65La N /Sm N 53Á0), and by an overall enrichment in the most incompatible elements (Cs^U segment in Fig. 4b ). These rocks show no marked Eu anomalies (0Á95Eu Ã 51Á2), but weak positive to prominent Pb and Sr spikes. Samples from this group plot roughly in the Type-3^modern island arc lavas field in the Harker diagrams (Fig. 6 ) and clearly show a calc-alkaline character in the Mg-number vs SiO 2 diagram.
Type-5 rocks are restricted to the Kamila sequence and are located in the field close to the Type-4 samples (Fig. 3c) 
Intrusive granites
Three granites have been analyzed and are reported in Table 1 ; a further five samples were analysed by Garrido et al. (2006) . According to those workers, two types of granitoid can be distinguished in the Kiru^Kamila section, tonalites and granodiorites. Overall, tonalites are characterized by a strong fractionation of LREE/HREE (6Á55Ce N /Yb N 5121) and a positive Eu anomaly (1Á25Eu Ã 52Á2; Fig. 4 ). The granodiorites are distinguished by a weaker LREE/HREE fractionation (3Á05Ce N / Yb N 54Á5) and a marked negative Eu anomaly (0Á55Eu Ã 50Á7; Fig. 4 ).
All the granites plot along the modern island arc lavas trend for TiO 2 , CaO, FeO T , MgO and Na 2 O þ K 2 O, and in the calc-alkaline area in the Mg-number vs SiO 2 diagram (Fig. 6) .
Sr, Nd and Pb isotope compositions
Sr, Nd and Pb isotopic data are reported in Table 2 along with data from Dhuime et al. (2007) for 17 samples from the crustal section of the Jijal complex (i.e. 'Jijal gabbroic rocks', including hornblende gabbronorites and garnet granulites; and 'Jijal hornblendites', including rocks from the hornblendite^garnetite transition; see Fig. 3a ). In addition to the leached-whole rock analyses, the isotopic compositions of clinopyroxenes and plagioclases have also been determined for some samples (Table 2) .
Plutonic-volcanic rocks
In a Nd^Sr isotope diagram (Fig. 7) 
Chondrites Normalized
Fig. 5. Chondrite-normalized REE pattern of the calculated liquid in equilibrium with the KG-37 cumulate sample compared with that of UM01-122. The composition of the liquid has been calculated from dissolution ICP-MS data, for an $10 mg clinopyroxene fraction from KG-37, and using clinopyroxene^melt distribution coefficients of Hart & Dunn (1993) . Normalization values after Sun & McDonough (1989) . (continued) DHUIME et al. Sr (i) 50Á70415) that partly overlaps the field of the Type-2, -4 and -5 rocks. Two groups are distinguished: (1) a small group which is overlapped by the fields of the Type-4 samples and the Jijal hornblendites; (2) samples that have enriched Nd and Sr isotopic compositions (see Fig. 7) .
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PALEO-ISLAND ARC GEOCHEMISTRY
In Pb^Pb isotope diagrams (Fig. 8) Pb diagram (Fig. 8a) , all of the samples plot along a straight line, above and roughly parallel to the Northern Hemisphere Reference Line (NHRL). An increase of the Pb isotopic ratios is observed from the Type-1 samples (18Á028 (Fig. 7) , the Type-3 samples define two groups that are particularly well differentiated in the 207 Fig. 7 . Nd^Sr isotope diagram for the JPKK crustal section (initial compositions recalculated at t 0 ¼100 Ma). Only whole-rock and clinopyroxene data (where available) are plotted. The Jijal crustal section fields of 'hornblendites' (i.e. hornblendite^garnetite) and 'gabbroic rocks' (i.e. hornblende gabbronorites and garnet granulites) are from Dhuime et al. (2007) . The classification of plutonic^volcanic rocks (Types 1^5) and intrusive granites is determined based on their trace element compositions (see explanation in the text and Fig. 4 Pb/ 204 Pb end of the data array (Fig. 8a) . This feature is ascribed to the very low U/Th (and high Th content) of some of the tonalite samples (see Table 1 ).
D I S C U S S I O N Relative contribution of the subduction component in the JPKK section
The chemical and Nd^Sr^Pb isotopic diversity of primitive island arc magmas is usually attributed to the composition of the mantle wedge with a variable overprint of components derived from the subducting slab (i.e. altered oceanic crust, subducted oceanic and fore-arc sediments). From a geochemical point of view, this subduction component is characterized by a relative enrichment in LILE, U, Pb and, to a lesser extent, LREE and Th relative to HFSE and HREE. The enrichment in these incompatible trace elements is accounted for by their higher solubility in slab-derived fluids or melts that transfer these elements from the slab into the overlying mantle wedge where the subduction-related magmas are generated (e.g. Ellam & Hawkesworth, 1988) .
The relative contribution and nature of the subduction component in the several plutonic^volcanic rock types that we have identified in the JPKK section can be gauged by comparing the primitive mantle normalized trace element pattern of each type to that of average 
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Type-3 Pb/ 204 Pb for the JPKK crustal section (initial isotopic compositions recalculated at t 0 ¼100 Ma). Only whole-rock and plagioclase data (where available) are plotted. Fields as in Fig. 7 . NHRL, Northern Hemisphere Reference Line (Hart, 1984) . N-MORB (e.g. Hofmann, 1988; Sun & McDonough, 1989) representative of a partial melt of a DMM mantle wedge source (Fig. 9) . The significant increase from Type-1 to -5 in the LILE content, concomitant with relatively higher contents of Pb, Sr and LREE, and the development of a HFSE (Nb, Ta) negative anomaly from Type-3 to Type-5, may be accounted for by an increasing contribution of a subduction component in the source (Fig. 9, grey shaded  area) . On the basis of the different chemical behaviour of the various trace elements plotted, it is possible to distinguish between a contribution from a subduction component dominated by aqueous fluids (i.e. the 'slab fluid' component) and one by sediment melts (i.e. the 'slab melt' component). For example, fluid component involvement can be visualized on normalized trace element diagrams by a slight enrichment of LILE, which are highly mobile in aqueous fluids compared with HFSE and LREE. This can also be monitored using ratios of elements with similar partition coefficients during mantle melting but contrasting behaviours in aqueous fluids [e.g. Ba/La, U/Th and Pb/Ce (Brenan et al., 1995; Elliott et al., 1997; Hawkesworth et al., 1997a Hawkesworth et al., , 1997b Plank et al., 2006] . The variable contribution of a fluid and/or melt component in the different pattern types of the JPKK section can be portrayed in plots showing the U/Th and Pb/Ce ratios as a function of ratios of REE with different compatibility in melts (e.g. La/Yb) (Fig. 10) . In these plots the major participation of a slab fluid component is observed for samples from Type-1 and Type-2, reflected by high U/Th and Pb/Ce ratios associated with low La/Yb ratios. An increasing contribution of a slab melt component fromType-3 to Type-5 is manifest by a pronounced negative Nb^Ta anomaly relative to LILE and LREE, higher contents of LILE and Th, and REE enrichment correlated with an increasing fractionation of LREE relative to HREE (Fig. 9) . In the U/Th and Pb/Ce vs La/Yb diagrams (Fig. 10) , the involvement of the slab melt component is reflected by a decrease of the U/Th and Pb/Ce ratios associated with an increase of the La/Yb ratio.
Studies on high-pressure and ultrahigh-pressure metamorphic terranes (e.g. Hermann et al., 2006) , along with experimental studies (Hermann & Green, 2001; Spandler et al., 2007; Hermann & Spandler, 2008) , have shown that aqueous fluids released at the blueschist-to eclogite-facies transition contain only moderate amounts of LILE, Sr and Pb and do not transport significant amounts of LREE, U and Th. Fluid-present melting of sediments on top of the slab is required to transfer significant amounts of trace elements from the slab to the mantle wedge; with Sun & McDonough (1989) . The evolution from Type-1 to Type-5 trace element patterns reflects the progressive contribution of a subduction component to the source of the arc magmas (see text). The inset indicates the behaviour of Th and U for the Type-3 samples, which can be classified into three sub-types: (1) those with no Th^U anomaly (thin Th^U segment), which is typically also observed for Types-1 and -2; (2) those with a marked positive U anomaly and no notable Th enrichment (black dashed line and arrow I). Given the lower distribution coefficient of U in fluids compared with the LILE, the U enrichment is interpreted as an indicator of a strong increase in a 'slab fluid' component in the magma source. (3) Trace element patterns with both U and Th enrichment (grey dotted line and arrow II). Given that Th is known to be immobile in aqueous fluids, the Th enrichment would suggest the contribution of a'slab melt'component to the mantle source. This is consistent with the strong LREE enrichment observed. The 'mean pattern' for Type-3 samples is represented by the thick black line.
a top slab temperature in the range of 700^9008C at subarc depths (Hermann et al., 2006; Hermann & Spandler, 2008) . The hydrous, granitic melts produced during slab melting are not significantly enriched in LREE because of the presence of allanite in the residue above 7508C (Hermann & Green, 2001; Klimm et al., 2008) . Consequently, the strong LREE enrichment observed in the Type-3 REE patterns, progressively increasing in the Type-4 and Type-5 patterns, may indicate high melting degrees of slab sediments to consume LREE-rich phases such as allanite. The JPKK trace element signatures unambiguously indicate an increasing contribution of a subduction component fromType-1 to -5, with a relatively higher contribution of a slab fluid component fromType-1 to -3, and an increasing involvement of a slab melt component from Type-3 to -5. Because the timescale for the transfer of aqueous fluids through the mantle wedge is significantly shorter than that for sediment melts (Hawkesworth et al., 1997a (Hawkesworth et al., , 1997b , it is conceivable that the parental magmas of Types-3 to -5 were generated later than those of Types-1 and -2 during the mature stage of evolution of the Kohistan subduction zone.
Evidence for two geochemical and temporal magmatic suites in the JPKK section Suites A and B are emplaced at distinct levels of the JPKK section (Fig. 12) . Suite A rocks are mainly located in the middle^upper arc section, whereas suite B rocks are located either in the lower arc crust (groups B1 and B2) or in the uppermost arc crust (group B3).
The existence of two suites with distinct and correlated trace element and isotopic characteristics suggests that these geochemical signatures were imposed on their parental magmas from their mantle sources and were not the result of late dehydration-melting processes during intra-crustal metamorphism. Samples from the Jijal complex considered to have undergone dehydration-melting that modified their original trace element signature Padro¤ n-Navarta et al., 2008) have been excluded from comparison with these suites. Jijal garnet hornblendites show isotopic characteristics akin to Type-2, -3 and -4 samples of suite A (Table 2) . They are interpreted as the deep plutonic equivalent of shallower samples from Type-2 to Type-4 (Dhuime et al., 2006 Garrido et al., 2006) . On the other hand, Jijal gabbroic rocks show isotopic compositions akin to the less-enriched samples of suite B (i.e. group B1; Table 2 ), suggesting a common source. Published ages for samples of suite A are limited (see Fig. 2 ). Yamamoto et al. (2005) reported a secondary ionization mass spectrometry (SIMS) U^Pb zircon age of 107Á7 AE1Á8 Ma for a tonalite dike intrusive into rocks with Type-1 and -3 signatures and an age of 110Á7 AE4Á9 Ma for an amphibolite xenolith in granites intrusive into Type-4 and -5 rocks. Such results are consistent with an older age for samples from suite A (i.e. 4100 Ma), with an upper age bound set by subduction initiation at $117 Ma , and a lower age bound of $105 Ma established by the oldest ages of the intrusive rocks.
Suite B samples of group B1, characterized by the lowest 207 Pb/ 204 Pb ratio of this suite, are from the 'Sarangar gabbro' unit, for which Schaltegger et al. (2002) have reported a precise magmatic U^Pb zircon age of 98Á9 AE 0Á4 Ma. This unit intrudes and overlies the upper gabbroic rocks of the Jijal section, which are isotopically akin to group B1. Precise ages for the Jijal gabbroic rocks are lacking: their intrusive age can be bracketed between 118 AE12 Ma (the Sm/Nd age of a hornblende gabbronorite; Yamamoto & Nakamura, 2000) and $96 Ma (the maximum age for the granulite-facies metamorphism; Anczkiewicz & Vance, 1997; Anczkiewicz et al., 2002) . These ages indicate a younger age for group B1 samples, between $105 Ma (minimum age of the Jijal gabbros) and $99 Ma (Sarangar gabbro). The minimum emplacement age for the most enriched samples of suite B (group B3) is 80Á6 AE 4Á5 Ma (U^Pb zircon age of an intrusive tonalite; Yamamoto et al., 2005) . The Chilas complex, which intrudes and shares many geochemical similarities with group B3 (see Figs 4, 13 and 14) , yields $85 Ma zircon U^Pb ages (Zeitler et al., 1981; Schaltegger et al., 2002) Origin of intrusive granites in the JKPP section Garrido et al. (2006) have proposed that the Kiru^Kamila intrusive granites were generated by dehydration-melting of different amphibole-bearing lithologies within the Jijal crustal section. Our isotopic data (Figs 7 and 8; Table 2) show that the isotopic signature of these granites is consistent with a combination of sources located in the arc root of the crustal section (i.e. Jijal hornblendites and JijalP atan gabbroic rocks), with variable contributions from the granites' host-rocks. This latter contribution predominates, for example, in sample UM01-125, which has a Pb isotope composition consistent with contamination by Type-5 host-rocks (Table 2 ). Our data suggest that the granite magmas underwent variable assimilation and interaction with their host-rocks during their ascent and emplacement from the lower crust.
Comparison with other intra-oceanic arcs
In terms of their Sr^Nd^Pb isotope compositions, samples from both suites A and B plot within a triangular domain delimited by the DMM reservoir, Indian Ocean sediments (Ben Othman et al., 1989; Plank & Langmuir, 1998) , the Neotethys altered oceanic crust (Mahoney et al., 1998) , Indian MORB (Mahoney et al., 1998 (Mahoney et al., , 2002 , n ¼120), modern island arc lavas (GEOROC compilation, http://georoc.mpch-mainz.gwdg.de/georoc/Entry.html, n ¼ 389) and the Chilas complex (Khan et al., 1997, n ¼ 4) . The Chilas complex has enriched isotopic compositions similar to those of the B3 group. The range of Nd^Sr variation for the Chilas complex is slightly broader than that defined by Khan et al. (1997) : Mikoshiba et al. (1999) reported " Sr(i) values between^6Á9 and þ1Á5 (n ¼ 24) and Jagoutz et al. (2006) obtained " Nd(i) values between þ4Á2 and þ5Á1 (n ¼12). The compositions of the DMM (Depleted MORB Mantle), HIMU (high ¼ 238 U/ 204 Pb), EM1 (Enriched Mantle 1) and EM2 (Enriched Mantle 2) mantle end-members are from Zindler & Hart (1986) , Hart (1988) and Hofmann (2003) . NHRL, Northern Hemisphere Reference Line (Hart, 1984) . The dashed lines indicate mixing between DMM, subducted sediment and altered oceanic crust end-members and have been calculated using the methods of Faure (1986) and the following parameters: DMM: Sr ¼11Á3 ppm and Nd ¼1Á12 ppm (Eisele et al., 2002) ; Indian Ocean sediments: Sr ¼100^200 ppm and Nd ¼15^30 ppm (Ben Othman et al., 1989; Plank & Langmuir, 1998) ; altered oceanic crust: Sr ¼100^300 ppm and Nd ¼15^30 ppm (Mahoney et al., 2002). and Neotethyan altered oceanic crust (Figs 13 and 14) . Previous studies of intra-oceanic arcs worldwide (e.g. Marianas, Tonga^Kermadec, Izu^Bonin) have often interpreted such geochemical characteristics as a result of three-component mixing in which the sediment-related subduction input is determined either by the amount of sediment dragged down to the zone of magma formation and/or the thickness of the sedimentary cover on the Fig. 13 . The mixing lines between the DMM, sediments and altered oceanic crust end-members are calculated after Faure (1986), using the following parameters: DMM: Nd ¼1Á12 ppm and Pb ¼ 0Á050 ppm (Eisele et al., 2002) ; Indian Ocean sediments: Nd ¼15^30 ppm and Pb ¼1Á5^30 ppm (Ben Othman et al., 1989; Plank & Langmuir, 1998) ; altered oceanic crust: Nd ¼15^30 ppm and Pb ¼1^3 ppm (Mahoney et al., 2002) . NHRL, Northern Hemisphere Reference Line (Hart, 1984) . subducting oceanic crust (e.g. Gamble et al., 1996; Regelous et al., 1997) or in terms of nature of the sedimentary component; that is, whether it is pelagic or detrital in origin (e.g. Chauvel et al., 2009) . The importance of the nature and composition of the mantle wedge before fluid or melt addition from the subducting slab has also been considered (e.g. Ewart et al., 1998; Woodhead et al., 1998; Pearce et al., 2007) . Until now, there have been few insights into the mechanisms by which fluids or silicate melts are added to the mantle wedge, particularly with respect to their timing in relation to the dynamic evolution of the subduction zone (Hawkesworth et al., 1997a (Hawkesworth et al., , 1997b . It is noteworthy that of the many variables that can play an important role in controlling the geochemical signatures of arc lavas, the most important are intrinsic to the particular arc system and involve both physical^dynamic and geochemical parameters.
The fossil Kohistan arc constitutes one of the best examples in which the trends exhibited by various geochemical tracers can be explained by combining both geochemical and physical^dynamic parameters, in particular during drastic changes in the subduction regime. The following section summarizes the evolution we propose for the JPKK section in relation to both geodynamic and geochemical parameters.
A three-stage geodynamical evolution model for the KAC Combination of our new trace element and Sr^Nd^Pb isotopic data with previous results Garrido et al., 2007) and available geochronological data (Zeitler et al., 1981; Yamamoto & Nakamura, 1996 , 2000 Anczkiewicz & Vance, 1997; Anczkiewicz et al., 2002; Schaltegger et al., 2002; Yamamoto et al., 2005; Dhuime et al., 2007) allows us to propose a three-stage model for the evolution of the Kohistan island arc magmatism.
Stage 1 (!117 Ma to $105 Ma): subduction initiation and growth of the volcanic arc This stage encompasses the initiation of an intra-oceanic subduction system and the onset of subduction (Fig. 15a , Stages 1-a and 1-b, respectively). Initiation of subduction most probably occurred near a mid-ocean ridge transform fault or fracture zone, separating young, thin lithosphere from old, thick lithosphere (Stern & Bloomer, 1992; Stern, 2004;  Fig. 15a, Stage 1-a) . Subduction started at around 117 Ma Fig. 15a, Stage 1-b) . Extension in the overlying lithosphere (the 'proto fore-arc') was associated with LREE-depleted and high- (LILE, 207 Pb/ 204 Pb, 87 Sr/ 86 Sr) 'boninite-like' magmatism that interacted with the pre-existing lithospheric mantle, giving rise to the Jijal dunite^wehrlite^pyroxenite sequence Garrido et al., 2007) .
The mantle component involved in the genesis of the suite A rocks may represent ambient asthenosphere.
The gradual enrichment of LILE, REE and the Nd^SrP b isotope composition observed from Type-1 to Type-2 may reflect the increasing but limited contribution of a slab component. Further growth of the arc occurred subsequently by intrusion of Type-3 magmas with an island arc tholeiite geochemical signature, representing $8^10% of the JPKK section (Fig. 15a, Stage 1-c) . The enrichment in fluid-immobile elements characteristic of Type-3 samples (Figs 9 and 10) suggests that at this stage the subduction component was dominated by a slab melt rather than a slab fluid. The progressive building of the volcanic arc is characterized by the increase in the slab melt component in Type-4 and Type-5 rocks, which together represent approximately 10% of the total thickness of the JPKK crustal section. The enrichment in the Nd^Sr^Pb isotopic compositions observed in suite A is consistent with a progressive increase in the subduction contribution as the volcanic arc evolved. The increasing influence of a slab melt component is probably related to the activation of convection in the mantle wedge, allowing a continuous 'circulation' of hot mantle at the slab surface (e.g. Kincaid & Sacks, 1997; van Keken et al., 2002) . The conductive heating of the slab surface by the overlying asthenospheric mantle caused it to partially melt (i.e. the sediments AE the underlying altered oceanic crust), followed by the injection of slab melts into the mantle wedge Stage 2 ($105^99 Ma to 96^91 Ma): major thermal event: magmatic underplating, granulite-facies metamorphism and erosion-delamination of the arc base
The initiation of Stage 2 is associated with the development of suite B. Two major events occurred at around 100 Ma, just after the building of the volcanic part of the arc, and over a period of $10 Myr.
(1) Magmatic underplating of the arc crust (Fig. 15b , Stage 2-a), caused the emplacement of large volumes of gabbroic rocks with B1 and then B2 geochemical signatures: these represent approximately 20% and 10% of the total thickness of the JPKK crustal section, respectively. This event resulted in significant crustal thickening (P max ¼1Á4^2Á1 GPa, Jan & Howie, 1981; Yamamoto, 1993; Ringuette et al., 1999) . The evolved character of the underplated magmas (435Mg-number559, Table 1) implies that there was likely to have been a thick cumulate sequence [up to 30^35 km ], which is not preserved in the obducted section of the Kohistan arc Garrido et al., 2007) .
Compared with suite A, suite B rocks (Stage 2-a) have a rather homogeneous composition, despite the large volumes of magma involved. Their enriched Nd and 207 Pb/ 204 Pb isotope compositions indicate significant changes in the magmatic source during the transition from suite A to suite B. The isotopic enrichment of suite B rocks can be explained by the 'subduction erosion' of forearc metasediments (e.g. von Huene & Scholl, 1991 , 1993 Ranero & von Huene, 2000) and the mixing between these sediments and DMM-type asthenospheric mantle. This mixed, enriched material was later dragged down by corner flow towards the magma source region of suite B (Fig. 15b, Stage 2-b) , accounting for the progressive geochemical enrichment observed for this suite.
(2) Granulite-facies metamorphism at the base of the arc sequence (Fig. 15b, stage 2-b ) occurred in association with dehydration-melting of hornblende-bearing mafic and ultramafic rocks and the development of granitic melts. The migration of these granitic melts to shallower crustal levels, and their interaction with their host-rocks, constitutes the main mechanism for intra-crustal differentiation in the Kohistan arc ; as well as in Cenozoic paleo-arc complexes such as the Hidaka Metamorphic Belt in Japan (Kemp et al., 2007) .
The distinct Sr^Nd^Pb isotopic signature of the garnetbearing rocks (i.e. garnet granulites and garnet hornblendites) at the roots of the Kohistan arc invalidates claims that these rocks are cogenetic high-pressure, garnet-bearing cumulates (Alonso Perez et al., 2008) . The absence in the exhumed section of the Kohistan arc of cogenetic ultramafic cumulates with the evolved gabbroic rocks formed in Stage 2-a points to their removal at Stage 2-b either by gravitational collapse (Kay & Kay, 1985 , 1993 Tatsumi, 2000; Jull & Kelemen, 2001) or by thermomechanical erosion of the infra-arc lithosphere (Eberle et al., 2002; Morency & Doin, 2004; Arcay et al., 2005 Arcay et al., , 2006 The time span ($15^20 Myr) between the volcanic arc stage ($110 Ma) and the granulite-facies metamorphism ($96^91 Ma) is too short for the development of gravitational instabilities leading to delamination (Jull & Kelemen, 2001; Kelemen et al., 2003) . In our model, magmatic underplating and granulite-facies metamorphism result from a single event, associated with an increase of mantle convection efficiency. The water-dependent modification of asthenospheric mantle rheology (Mackwell et al., 1985; Karato et al., 1986; Hirth & Kohlstedt, 1996; Mei & Kohlstedt, 2000a , 2000b Karato, 2003) , induced by fluids from a dehydrating subducted slab (Billen & Gurnis, 2001; Billen et al., 2003; Honda & Saito, 2003; van Keken, 2003) , have been inferred to trigger an acceleration of convection in the mantle wedge (Arcay et al., 2005) . This acceleration of the convection process causes thermo-mechanical erosion and dragging of the 'cold walls' of the mantle wedge (i.e. along the upper part of the slab and the base of the overriding plate). Numerical models suggest that thermomechanical erosion provides a good explanation for the removal of the missing cumulates (Arcay et al., 2006) and could happen within 15 Myr.
Stage 3 ($95^85 Ma): low magmatic activity, emplacement of the upperJPKK magmas, and intrusion of the Chilas complex from 85 Ma (last stage of magmatism in intra-oceanic setting)
The rocks associated with Stage 3 constitute the most isotopically enriched magmas of suite B (B3). These rocks are found in the uppermost part of the JPKK section ($20% of the total thickness of the JPKK crustal section) and in the Chilas complex (see Fig. 12 ). The Chilas ultramaficm afic complex was emplaced in an intra-arc rift setting at $85 Ma (Zeitler et al., 1981; Bard, 1983; Coward et al., 1987; Khan et al., 1989; Treloar et al., 1996; Burg et al., 1998; Schaltegger et al., 2002; Jagoutz et al., 2006) . It is intrusive into the uppermost JPKK rocks, suggesting an older age for those rocks. However, given the apparent geochemical similarity between the upper JPKK and the Chilas gabbroic^dioritic rocks (see Figs 4, 13 and 14) , the $85 Ma zircon age for the Chilas gabbroic rocks (Zeitler et al., 1981; Schaltegger et al., 2002) is probably the best estimate for the maximum age of the B3 magmas. Such an age implies an $10 Myr period of 'low magmatic activity' (Fig. 15c, Stage 3-a) between the $96^91 Ma granulitefacies metamorphism and associated mechanical erosion (Fig. 15b, Stage 2-b) , and the formation of the B3 magmas (Fig. 15c, Stage 3-b) .
The B3 magmas are associated with the final stage of thermo-mechanical erosion of the arc base. The thinning of the overriding plate at the arc base level could have provoked the rifting of the arc after a significant period (5 10 Myr) of stagnation and homogenization of a large volume of magma. Recent numerical models of subduction zones (Kincaid & Sacks, 1997; Arcay et al., 2007) suggest the formation of a thermal shieldçor 'cold blanket'çabove the slab surface. A similar scenario could account for the period of low magmatic activity observed in the Kohistan arc. In our model, a shield was formed when the eroded 'cold walls' (see Stage 2 above) were progressively dragged into the zone of melt generation through convection in the mantle wedge (see Fig. 15c , Stage 3-a). The cold blanket inhibited the dehydration and partial melting of subducted material, and thus the partial melting of the mantle wedge. This continued until the cold blanket was removed by corner flow and/or was thermally re-equilibrated, before the emplacement of the B3 magmas (Fig. 15c, Stage 3-b) .
C O N C L U S I O N S
The detailed study of the JPKK crustal section of the Kohistan Arc Complex, from the Moho transition zone to the contact with the Chilas complex has, for the first time, characterized the geochemistry of a continuous $30 km thick section of lower-to middle-arc crust. The results suggest that the intra-oceanic evolution of the Kohistan arc occurred over a period of $30 Myr (117 Ma4t initiation^collision 485 Ma). Three major stages characterize its evolution: (1) the progressive building of a 'volcanic arc' between $117 Ma and $105 Ma; (2) magmatic underplating of large quantities of magma in the arc base ($100 Ma) and the development of a major granulite-facies metamorphic event in the lower arc crust ($96^91 Ma); (3) a period of 'low magmatic activity' between $95 Ma and $85 Ma before a final magmatic pulse at $85 Ma preceding arc^continent collision.
The transition between Stages 1 and 2 was probably induced by the progressive hydration of the mantle wedge, which modified its rheology and induced convection. This resulted in thermo-mechanical erosion of the lower parts of the crustal section and, at least in part, provided the heat required to trigger granulite-facies metamorphism at the arc base. As the main process for recycling lower arc crust into the mantle, thermomechanical erosion has the advantage over classical models of delamination by gravitational collapse of being compatible with the relatively short duration of the magmatic activity in the Kohistan arc.
The bulk chemical composition of the arc magmas can be interpreted in terms of mixing, in different proportions, between a depleted 'DMM-like' mantle component and a subduction component. The latter has a geochemical composition that reflects the involvement of sediments from the Indian Ocean and altered oceanic crust. Depending on the stage of evolution of the subduction system, the subduction component is transported initially in dehydration fluids and then later in silicate melts. The latter are related to the activation of convection in the mantle wedge and the circulation of hot mantle at the slab surface, leading eventually to partial melting of the uppermost levels of the slab (i.e. sediments AE altered oceanic crust).
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